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Monday, March 7, 2011 253aWe present a non-destructive a camera based FCS method for quantifying the
membrane protein association with lipid domains in intact cells and with mem-
brane cytoskeleton domains. Most importantly, our method provides continu-
ous monitoring of changes in the protein domain interactions over time. We
investigated the modulation of GPI-anchored GFP with lipid domains over
time in response to cross linking, Ethanol, Cholesterol Sulfate or Cholera toxin
addition, as well as cholesterol extraction. As an example for signaling induced
changes, we studied the changes in the interaction of temperature sensitive ion
channel, TRPV2, with lipid domains and membrane cytoskeleton upon activa-
tion by 2-APB.1385-Pos Board B295
Compartmentalized Membrane Proteins: MHC Class I as an Important
Example
Levi A. Gheber.
The Major Histocompatibility Complex class I (MHC-I) is a type I membrane
protein expressed at the surface by virtually all cell types. MHC-I is loaded in
the endoplasmic reticulum (ER) with peptides derived from cytosolic proteins
and presents them on the plasma membrane to T-cells. This constitutes the pri-
mary mechanism by which most nucleated cells report on possible infection by
pathogen or damaged tissue.
Many studies have shown that the lateral mobility of membrane proteins, and
particularly MHC-I, is hindered, creating a membrane with heterogeneous dis-
tribution of its components. Using Near-field Scanning Optical Microscopy
(NSOM), we have shown that MHC-I is found in clusters, ~300 - 700 nm in
diameter, on the plasma membrane of cells. Since obstructed lateral diffusion
alone cannot explain the maintenance of clusters at steady state, we proposed
a model that accounts for plasma trafficking, to explain the persistence of the
clusters.
The model predicts dynamic clusters of MHC-I, created at an instant, by vesicle
delivery, and decaying slowly by hindered diffusion over barriers.
We proved the dynamic nature of MHC-I clusters, and characterized their life-
time, using GFP-tagged molecules and Total Internal Reflection Fluorescence
Microscopy (TIRFM). Furthermore, since potential barriers to lateral diffusion
have been previously suggested as actin filaments, we have recently shown that
the life-time of MHC-I clusters can be elongated by strengthening these barriers
and shortened by weakening them. We have also characterized the rate of
MHC-I trafficking to the plasma membrane, and have developed a simple
way to reduce it; the effect is dispersion of the MHC-I clusters, as predicted
by the model.
In the next step we will question the effect of all the dynamic parameters on the
recognition of the immune system.1386-Pos Board B296
Gradient Distribution of LFA-1 cluster Size in the Immunological Synapse
Wan-Chen Lin, Nin˜a C. Hartman, Jay T. Groves.
Coordinated rearrangement of membrane receptors into clusters upon ligand
binding has emerged as an important regulator of cellular signaling. How-
ever, due to cell membrane complexity and constant change in membrane
morphology, probing protein clusters that are below optical resolution in
live cells has long been a challenging task. Here, we use a hybrid live
cell-supported membrane interface to enable high resolution fluorescence
fluctuation measurements. We explore the cluster distribution of LFA-
1:ICAM-1 complexes that form a ring that spans ~10mm in diameter in a ma-
ture immunological synapse(IS). IS formation is triggered by exposing
primary T cells to a supported membrane that is functionalized with activat-
ing peptide-MHC and ICAM-1-YFP. We scan across the IS with a focused
laser beam to monitor the photobleaching and fluorescence fluctuations of
LFA-1 bound ICAM-1-YFP molecules within the optical area. By changing
the excitation laser from continuous to a pulsed form and applying photon
counting histogram analysis, we are able to distinguish between the fluores-
cent signals of large clusters from those of small clusters. Instead of an even
distribution, our results indicate that LFA-1:ICAM-1 complexes at the IS ex-
hibit two differently clustered populations. One population shows a strong as-
sociation to the T cell cytoskeleton and thus displays low lateral mobility.
Interestingly, the fraction and the size of clusters of the cytoskeleton-
associated complexes increase toward the center of the IS. The second pop-
ulation of LFA-1:ICAM-1 complexes exhibits random diffusion and a small
cluster number that is no more than 3 on average. Therefore, more compart-
mentalized domains exist beyond the classical picture of three concentric
zones at the IS. This supports the frictional force coupling model as the
mechanism of IS formation, i.e. larger clusters experience larger transport
force toward the center of the IS.1387-Pos Board B297
Mechanics and Function of Protein Clustering and Spatial Sorting at Cell
Membranes
Nin˜a C. Hartman, Wan-Chen Lin, Jay T. Groves.
Cell signalling regulated by the spatial arrangement of proteins into clusters
ranging in size from a few molecules up to micron-scale assemblies is now
heavily studied. Although the timing, placement, and even the molecular details
of the proteins involvedmay bewell known, their exactmechanism of formation
and function still elude researchers. We seek to answer these questions in the
context of the immunological synapse (IS) using a live T cell-supported mem-
brane system. The IS is a T cell-antigen presenting cell (APC) interaction
wherein membrane receptor-ligand pairs are reorganized into concentric pat-
terns. In its simplest form, T cell receptors (TCR) bound to peptide-presenting
major histocompatibility complex (pMHC) form a central cluster surrounded
by a ring of leukocyte function associated antigen-1 (LFA-1) bound to intercel-
lular adhesion molecule-1 (ICAM-1). Both ligand-bound TCR and LFA-1 are
known to be centripetally transported by the actin cytoskeleton, but how they
are differentially sorted is unknown. We hypothesize that protein cluster size
prior to transport regulates sorting and probe this by increasing the LFA-1 cluster
size. To do this, we use a bivalent or tetravalent crosslinker against LFA-1 or its
ICAM-1 ligand and compare the distribution to non-crosslinked counterparts in
the same cell. Peak fluorescence intensities across the IS averaged for whole cell
populations reveal increased centripetal LFA-1 transport with increased size un-
til LFA-1 forms a central cluster like TCR. Based on our results, we propose
a frictional force coupling model as the mechanism of IS formation. Moreover,
using fluorescence correlation spectroscopy, we discover a gradient of LFA-
1:ICAM-1 cluster sizes across the synapse, as predicted by our model.
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Fluorescence Measurements of Integrin Cell Membrane Receptor Organi-
zation and Cellular Factors Altering Integrin Reorganization
Emily A. Smith, Suzanne Sander, Neha Arora, Dipak Mainali.
We are using fluorescence-based methods to unravel the complex, dynamic or-
ganization of cell membrane receptors in order to provide vital information
about interactions in the cell membrane that affect cellular function. Noninva-
sive fluorescence resonance energy transfer (FRET) measurements that do not
require attaching fluorescent tags to the receptor are used to investigate receptor
clustering. We are elucidating the role of extracellular, membrane and intracel-
lular proteins and small molecules in altering integrin clustering. Integrins are
ubiquitous membrane proteins that are involved in cell signaling inside and out-
side of the cell. Intracellular proteins vinculin, paxillin, rhea and focal adhesion
kinase decrease integrin clustering; whereas, integrin linked kinase increases
integrin clustering in cells spread on a 3-5% ligand density surface. In contrast,
integrin linked kinase decreases integrin clustering in cells spread on a 30-50%
ligand density surface. The role of additional proteins in altering integrin clus-
tering has been identified. Fluorescence recovery after photobleaching (FRAP)
studies indicate that there are two populations of diffusing integrins in the cell
membrane. One integrin population is ligand-independent with a weighted mo-
bile fraction of ~30% and the second is ligand-dependent with a weighted mo-
bile fraction of ~40%. The diffusion properties of the ligand-independent
population are altered when actin expression is reduced. Additionally, the af-
fect of membrane cholesterol on integrin clustering has been determined.
The role of extracellular- membrane- and intracellular-proteins and small mol-
ecules in altering clustering is different for integrin mutants compared to wild-
type receptor. Experiments with well-studied mutants can reveal the molecular
mechanism of receptor organization in the cell membrane.
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Membrane Cholesterol Strongly Influences Hop-Diffusion of Prestin
Ramsey I. Kamar, Robert M. Raphael.
Prestin is the membrane motor protein that drives outer hair cell (OHC) electro-
motility via electromechanical coupling of membrane potential to whole cell
length changes. Various groups have demonstrated the importance of the inter-
action of prestin with the membrane environment. Biochemical evidence and
optical microscopy strongly suggest that prestin localizes in cholesterol-rich
microdomains, and electrophysiology experiments demonstrate that prestin-
associated charge movement depends on membrane cholesterol concentration.
We have previously measured prestin diffusion using fluorescence recovery af-
ter photobleaching (FRAP). However FRAP is an ensemble measurement mak-
ing it difficult to discriminate between free and confined diffusion resulting
from interactions with the cytoskeleton or confinement in membrane compart-
ments. We have thus measured diffusion of prestin molecules in a model
system using single particle tracking and total internal reflection microscopy.
Utilizing a combination of single molecule fluorescence microscopy and
site-directed labeling with a highly photostable fluorophore, we have robustly
